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METHOD FOR MANUFACTURING DIFFRACTION LATTICE AND METHOD FOR
MANUFACTURING REPLICA DIFFRACTION LATTICE

First, a wafer 1a having, on a front surface FS1

thereof, a pattern 1b having a shape in which concave
portions and convex portions are alternately arranged is
prepared. Next, a metal film 3 is formed on the front sur-
face FS1 of the wafer 1a, and a transfer area 3a to which
the shape of the pattern 1b is transferred is formed on a
part of a front surface FS2 of the metal film 3. Next, the
metal film 3 is removed from the wafer 1a. Next, a back
surface BS2 of the metal film 3 is bonded to a glass sub-
strate 5 via a bonding agent 4. In this way, a diffraction
grating 7 is manufactured.

[FIG. 1]

s TV VaVaVaVaVaVaVaV Vel }1
T-la

gs1A 1 8

Z:Dﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ:vw
-la

<§12>

<813>

<S14>

<§15>

<§16>

<S17>

<§18>

z
e

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 369 063 A1 2

Description
Technical Field

[0001] The present invention relates to a method for
manufacturing a diffraction grating and a method for man-
ufacturing a replica grating performed by using the dif-
fraction grating as a mold.

Background Art

[0002] A diffraction grating is an optical element used
in a spectrometer of an analysis device, or the like, and
is used to separate light (white light) containing a mixture
of various wavelengths into narrow-band wavelengths.
Fine grooves are carved on a front surface of the diffrac-
tion grating, and a reflective film is deposited on the sur-
faces of the fine grooves.

[0003] Inrelated art, a method can be implemented in
which a master diffraction grating is manufactured by
marking grooves on a glass substrate coated with a metal
film using a processing machine such as a ruling engine,
and a replica grating is manufactured by transferring a
groove shape marked in the master diffraction grating to
a resin film or a metal film.

[0004] Inrecentyears, as a technique for manufactur-
ing a diffraction grating, there is a method using holo-
graphic exposure using two-beam interference of a laser.
In the method using holographic exposure, a diffraction
grating is manufactured by performing holographic ex-
posure on a photoresist coated on a silicon wafer.
[0005] Inrecentyears, asemiconductor manufacturing
technique is also used as a technique for manufacturing
adiffraction grating. Forexample, PTL 1 discloses a tech-
nique for manufacturing a phase shift mask for manufac-
turing a diffraction grating by using an exposure device
used for manufacturing a semiconductor and etching
processing. PTL 1 discloses a technique in which a glass
substrate is etched by high-density plasma etching using
a resist pattern as a mask, and further wet etching is
performed on the glass substrate to form an uneven
shape on the glass substrate.

[0006] PTL 2 discloses a method for manufacturing a
sinusoidal optical grating by transferring an uneven
shape formed on a resist to a glass substrate using an
anisotropic dry etching method such as low-pressure
high-density plasma etching.

Citation List
Patent Literature
[0007]

PTL 1: JP11-223714A
PTL 2: JP2003-172639A
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Summary of Invention
Technical Problem

[0008] In the technique of the related art, high surface
precision cannot be implemented since warpage of a sil-
icon wafer is also transferred when an uneven shape
formed on the silicon wafer is transferred to a resin film.
In the methods using high-density plasma etching that
are disclosed in PTL 1 and PTL 2, it is difficult to prepare
a silicon wafer or a glass substrate without warpage.
[0009] As a size of the silicon wafer increases, the
warpage of the silicon wafer also increases, making it
difficult to increase an area of the diffraction grating.
[0010] Onthe other hand, in order to prevent the warp-
age of the silicon wafer, a method of transferring an un-
even shape of a diffraction grating to a resin film by per-
forming transfer with a load being applied to the silicon
waferis also studied. However, when a peripheral portion
of the diffraction grating is a free end, a bonding agent
for bonding the diffraction grating and the resin film con-
tracts, and wrinkles are generated. Therefore, the high
surface precision cannot be implemented.

[0011] A main object of the present application is to
provide a diffraction grating that has high surface preci-
sion and can be made large in area. Other problems and
novel features will become apparent from the description
of the present description and the accompanying draw-
ings.

Solution to Problem

[0012] A method for manufacturing a diffraction grating
in one embodiment includes: a step (a) of preparing a
wafer having, on a front surface thereof, a pattern having
a shape in which concave portions and convex portions
are alternately arranged; a step (b) of, after the step (a),
forming a metal film on the front surface of the wafer and
forming, on a part of the front surface of the metal film,
a first transfer area to which the shape of the pattern is
transferred; a step (c) of, after the step (b), removing the
metal film from the wafer; and a step (d) of, after the step
(c), bonding a back surface of the metal film to a first
glass substrate via a bonding agent.

Advantageous Effects of Invention
[0013] According to one embodiment, a diffraction
grating that has high surface precision and can be made
large in area can be provided.
Brief Description of Drawings
[0014]

[FIG. 1] FIG. 1 is a cross-sectional view showing an

outline of a method for manufacturing a diffraction
grating in Embodiment 1.
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[FIG. 2] FIG. 2 is a plan view showing a restraint jig
in Embodiment 1.

[FIG. 3] FIG. 3 is a perspective view showing the
restraint jig and a metal film in Embodiment 1.
[FIG. 4] FIG. 4 is a perspective view showing a base
plate in Embodiment 1.

[FIG. 5] FIG. 5is a perspective view showing a lower
fixing plate in Embodiment 1.

[FIG. 6] FIG. 6 is a perspective view showing an up-
per fixing plate in Embodiment 1.

[FIG. 7] FIG. 7 is a perspective view showing a load
applying plate in Embodiment 1.

[FIG. 8] FIG. 8 is a perspective view showing a proc-
ess of installing the metal film on a bonding jig in
Embodiment 1.

[FIG. 9] FIG. 9is a perspective view showing a state
where the metal film is installed on the bonding jig
in Embodiment 1.

[FIG. 10] FIG. 10 is a cross-sectional view showing
a state where the metal film is installed on the bond-
ing jig in Embodiment 1.

[FIG. 11] FIG. 11 is a cross-sectional view showing
a state where the metal film is installed on the bond-
ing jig in Embodiment 1.

[FIG. 12] FIG. 12 is a cross-sectional view showing
an outline of a method for manufacturing a replica
grating in Embodiment 1.

[FIG. 13] FIG. 13 is a cross-sectional view showing
an outline of a method for manufacturing a diffraction
grating in Embodiment 2.

[FIG. 14] FIG. 14 is a perspective view showing a
restraint jig and a metal film in Embodiment 2.
[FIG. 15] FIG. 15 is a perspective view showing a
base plate in Embodiment 2.

[FIG. 16] FIG. 16 is a perspective view showing a
lower fixing plate in Embodiment 2.

[FIG. 17] FIG. 17 is a perspective view showing an
upper fixing plate in Embodiment 2.

[FIG. 18] FIG. 18 is a perspective view showing a
load applying plate in Embodiment 2.

[FIG. 19] FIG. 19 is a perspective view showing a
process of installing the metal film on the bonding jig
in Embodiment 2.

[FIG. 20] FIG. 20 is a perspective view showing a
state where the metal film is installed on the bonding
jig in Embodiment 2.

[FIG. 21] FIG. 21 is a cross-sectional view showing
a state where the metal film is installed on the bond-
ing jig in Embodiment 2.

[FIG. 22] FIG. 22 is a cross-sectional view showing
a state where the metal film is installed on the bond-
ing jig in Embodiment 2.

Description of Embodiments
[0015] Hereinafter, embodiments will be described in

detail with reference to the drawings. In all the drawings
for describing the embodiments, members having the

10

15

20

25

30

35

40

45

50

55

same functions are denoted by the same reference nu-
merals, and a repeated description thereof is omitted. In
the following embodiments, the description of the same
or similar parts will not be repeated in principle except
when necessary.

[0016] An X direction, a Y direction, and a Z direction
described in the present application intersect each other
and are orthogonal to each other. In the present applica-
tion, the Z direction is described as a longitudinal direc-
tion, an up-down direction, a height direction, or a thick-
ness direction of a structure. The expression "plan view"
used in the present application means viewing a plane
formed by the X direction and the Y direction from the Z
direction, and the expression "planar shape" means the
above-described shape in plan view.

(Embodiment 1)
<Method for Manufacturing Diffraction Grating>

[0017] A method for manufacturing a diffraction grating
in Embodiment 1 will be described below with reference
toFIG. 1. The method for manufacturing a diffraction grat-
ing in Embodiment 1 includes steps S11 to S18 shown
in FIG. 1.

[0018] Instep S11, a silicon diffraction grating 1 is pre-
pared. The silicon diffraction grating 1 includes a wafer
1a made of, for example, silicon and having a front sur-
face FS1 and a back surface BS1. The wafer 1a has, on
the front surface FS1 thereof, a pattern 1b having a shape
in which concave portions and convex portions are alter-
nately arranged.

[0019] The pattern 1b is, for example, a resist pattern
formed by a photolithography technique used in the field
of manufacturing a semiconductor or a holographic ex-
posure technique using interference of laser light. More
specifically, the pattern 1b has a sinusoidal shape, arec-
tangular shape, a triangular shape, or a blazed shape.
An area where the pattern 1b is formed (a marked line
area) has a square planar shape, a rectangular planar
shape, or a circular planar shape.

[0020] In steps S12 and S13, a metal film 3 is formed
on the front surface FS1 of the wafer 1a, and a transfer
area 3a to which the shape of the pattern 1b is transferred
is formed on a part of a front surface FS2 of the metal
film 3.

[0021] First, in step S12, a seed film 2 is deposited on
the front surface FS1 of the wafer 1a having the pattern
1b by, for example, a sputtering method. The seed film
2 is made of a conductive material such as chromium,
titanium, platinum, or gold. However, the material con-
stituting the seed film 2 is not limited to the above-de-
scribed material, and it is sufficient that the material has
a function of carrying electrons from an electrode dis-
posed on an end portion of the wafer 1a to a center of
the wafer 1a without a voltage drop during electrolytic
plating.

[0022] Next, in step S13, the metal film 3 is formed on
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the front surface FS1 of the wafer 1a (on the seed film
2) by, for example, a plating method so as to fill the con-
cave portions of the pattern 1b and cover the convex
portions of the pattern 1b. As the above-described plating
method, an electrolytic plating method is suitable. The
metal film 3 is made of a conductive material such as
nickel or copper. However, the material constituting the
metal film 3 is not limited to the above-described material,
and any material may be used as long as electrolytic
plating is possible and a film can be formed along the
shape of the pattern 1b with high accuracy. In the follow-
ing drawings, illustration of the seed film 2 is omitted.
[0023] In step S14, the metal film 3 is removed from
the wafer 1a. The metal film 3 has the front surface FS2
and a back surface BS2. The transfer area 3a to which
the shape of the pattern 1b is transferred is formed on a
part of the front surface FS2. That is, the transfer area
3a has a shape in which concave portions and convex
portions are alternately arranged, and has a sinusoidal
shape, a rectangular shape, a triangular shape, or a
blazed shape. The back surface BS2 is a flat surface.
[0024] In step S15, a bonding agent 4 is provided on
the back surface BS2 of the metal film 3. The bonding
agent 4 is applied to the back surface BS2 by, for exam-
ple, a coating method, and is made of a material capable
of bonding the metal film 3 and a glass substrate 5 to be
described later without requiring a heat treatment. Since
there is a large difference in linear expansion coefficient
between the metal and the glass, the material constituting
the bonding agent 4 is preferably a material that does
not require a heat treatment.

[0025] In step S16, the metal film 3 is fixed by sand-
wiching an outer periphery of the metal film 3 between
two restraint jigs 10 at a position not overlapping the
transfer area 3a.

[0026] In step S17, the glass substrate 5 is bonded to
the metal film 3 in a bonding jig 100 to be described later.
The glass substrate 5 is provided on a front surface FS2
side of the metal film 3, and a glass substrate 6 is provided
on aback surface BS2 side of the metal film 3. Thereafter,
the glass substrate 5 is pressed toward the back surface
BS2, and the metal film 3 is bonded to the glass substrate
5 via the bonding agent 4.

[0027] Instep S18, the glass substrate 5 and the metal
film 3 that are bonded to each other are taken out from
the bonding jig 100. By such a manufacturing method, a
diffraction grating (glass diffraction grating) 7 including
the glass substrate 5, the bonding agent 4, and the metal
film 3 is manufactured.

[0028] As described above, although the restraint jig
10isusedinstep S16 and subsequent steps, the bonding
jig 100 including the restraint jig 10 can be prepared in
advance, and step S16 and subsequent steps are per-
formed using the bonding jig 100. Hereinafter, each
member of the bonding jig 100 and the method for man-
ufacturing a diffraction grating in step S16 and subse-
quent steps will be described in detail with reference to
FIGS. 2 to 11.
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[0029] As shown in FIG. 9, the bonding jig 100 in Em-
bodiment 1 includes two restraint jigs 10, a base plate
20, a lower fixing plate 30, an upper fixing plate 40, a
load applying member 50, and a plurality of screws 60.
Hereinafter, the structure will be described with reference
to FIG. 2 to FIG. 7.

[0030] FIG. 2 and FIG. 3 show the restraint jig 10. The
restraint jig 10 has a polygonal shape in plan view, and
here, has a square shape. The restraint jig 10 is made
of a material having high strength and high heat resist-
ance, for example, stainless steel. The restraint jig 10
has an opening 13 in a central portion thereof, and has
a plurality of holes 11 and a plurality of holes 12 around
the opening 13. The holes 11 are provided for fixing to
other members with screws 60, and the holes 12 are
provided for aligning with guide pins 22 of the base plate
20.

[0031] The metal film 3 has a polygonal planar shape,
here, has a square planar shape. The opening 13 has a
polygonal planar shape corresponding to the planar
shape of the metal film 3, here, has a square planar
shape. A hole 14 integrated with the opening 13 is pro-
vided at each corner of the opening 13. In other words,
the restraint jig 10 has a plurality of holes 14, and each
of the plurality of holes 14 encloses each corner of the
opening 13.

[0032] Step S16 described above is performed in a
state where the metal film 3 around the transfer area 3a
is sandwiched between two restraint jigs such that the
transfer area 3a is located inside the opening 13 in plan
view. Atthis time, each corner of the metal film 3 is located
inside the hole 14 in plan view. In step S17, the metal
film 3 is pressed against the glass substrate 5, and each
corner of the metal film 3 is a portion where stress is
easily concentrated. Therefore, unique stress is often
generated at each corner. Here, by positioning each cor-
ner ofthe metal film 3 inside the hole 14, the concentration
of stress at each corner can be alleviated, and a structure
in which a load distribution on the metal film 3 is uniform
can be implemented.

[0033] FIG. 4 shows the base plate 20. The base plate
20 has a planar shape similar to that of the restraint jig
10. A plurality of holes 21 and the guide pins 22 are pro-
vided in an outer peripheral portion of the base plate 20.
The holes 21 are provided for fixing to other members
with the screws 60, and the guide pins 22 are provided
for aligning with other members.

[0034] FIG.5shows thelowerfixing plate 30. The lower
fixing plate 30 has a planar shape similar to that of the
restraint jig 10. The lower fixing plate 30 has an opening
33 ata central portion thereof, and has a plurality of holes
31 and a plurality of holes 32 around the opening 33. The
holes 31 are provided for fixing to other members with
screws 60, and the holes 32 are provided for aligning
with the guide pins 22 of the base plate 20.

[0035] The lower fixing plate 30 is a member for fixing
a position of the glass substrate 6, and has the opening
33. The opening 33 and the glass substrate 6 each have
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a polygonal planar shape, here, have a square planar
shape. Accordingly, the glass substrate 6 is fitted into the
opening 33.

[0036] FIG. 6 shows the upper fixing plate 40. The up-
per fixing plate 40 has a planar shape similar to that of
the restraint jig 10. The upper fixing plate 40 has an open-
ing 43 at a central portion thereof, and has a plurality of
holes 41 and a plurality of holes 42 around the opening
43. The holes 41 are provided for fixing to other members
with the screws 60, and the holes 42 are provided for
aligning with the guide pins 22 of the base plate 20.
[0037] The upper fixing plate 40 is a member for fixing
a position of the glass substrate 5, and has the opening
43. The opening 43 and the glass substrate 5 each have
a polygonal planar shape, here, have a square planar
shape. Accordingly, the glass substrate 5 is fitted into the
opening 43.

[0038] FIG. 7 shows theload applying member 50. The
load applying member 50 is used when applying a load
to the glass substrate 5. The load applying member 50
has a polygonal planar shape, here, has a square planar
shape. The load applying member 50 is designed to be
accommodated in the opening 43 of the upper fixing plate
40.

[0039] The base plate 20, the lower fixing plate 30, the
upper fixing plate 40, and the load applying member 50
are made of a material having high strength and high
heat resistance, for example, stainless steel.

[0040] FIG. 8 shows a process of installing the metal
film 3 on the bonding jig 100, and FIG. 9 shows a state
where the metal film 3 is installed on the bonding jig 100.
[0041] AsshowninFIG. 8, the base plate 20, the lower
fixing plate 30, the glass substrate 6, the metal film 3,
and two restraint jigs 10 are prepared. First, the lower
fixing plate 30 is provided on the base plate 20 while
fitting the guide pins 22 of the base plate 20 into the holes
32. Next, the glass substrate 6 is provided inside the
opening 33 of the lower fixing plate 30.

[0042] Next, the first restraint jig 10 is installed on the
lower fixing plate 30 while fitting the holes 12 into the
guide pins 22 of the base plate 20. Next, the metal film
3 is installed on the glass substrate 6, and the metal film
3 around the transfer area 3a is provided on the first re-
straint jig 10. The bonding agent 4 is provided on the
back surface BS2 of the metal film 3. Next, the second
restraint jig 10 is provided on the back surface BS2 of
the metal film 3 around the transfer area 3a while fitting
the guide pins 22 of the base plate 20 into the holes 12
of the upper fixing plate 40.

[0043] Next, as shown in FIG. 9, the upper fixing plate
40, the glass substrate 5, the load applying member 50,
and the screws 60 are prepared. The upper fixing plate
40 is installed on the second restraint jig 10 while fitting
the guide pins 22 of the base plate 20 into the holes 42.
Next, the glass substrate 5 is installed inside the opening
43 of the upper fixing plate 40. Next, the load applying
member 50 is installed on the glass substrate 5.

[0044] Thereafter, positions thereof are fixed by insert-
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ing the screws 60 into the holes 41 of the upper fixing
plate 40, the holes 11 of the two restraint jigs 10, the
holes 31 of the lower fixing plate 30, and the holes 21 of
the base plate 20. Accordingly, the metal film 3 is fixed
in a state where the metal film 3 around the transfer area
3a is sandwiched between the two restraint jigs.

[0045] Hereinafter, a state before and after a load is
applied to the metal film 3 will be described with reference
to FIGS. 10 and 11. FIG. 10 and FIG. 11 are cross-sec-
tional views taken along a line A-A shown in FIG. 9.
[0046] By shifting a state of "before load application"
shown in FIG. 10 to a state of "after load application"”
shown in FIG. 11, a step of bonding the back surface
BS2 of the metal film 3 to the glass substrate 5 via the
bonding agent 4 is performed. This step is performed in
a vacuum atmosphere.

[0047] First, in FIG. 10, the metal film 3 is installed on
the glass substrate 6 such that the front surface FS2 of
the metal film 3 faces the glass substrate 6. The bonding
agent 4 is provided on the back surface BS2 of the metal
film 3. The glass substrate 5 is provided at a position
physically separated from the back surface of the metal
film 3. That is, a gap 70 is formed between the glass
substrate 5 and the metal film 3 (the bonding agent 4).
An installation surface of the glass substrate 6 on which
the metal film 3 is installed and a bonding surface of the
glass substrate 5 bonded to the metal film 3 via the bond-
ing agent 4 are flat surfaces.

[0048] From such a state, by pressing the glass sub-
strate 5 toward the back surface BS2 of the metal film 3
by the load applying member 50, a state as shown in
FIG. 11 is obtained. The "after load application" corre-
sponds to step S17 in FIG. 1. Thereafter, by dismantling
the bonding jig 100, a diffraction grating 7 including the
glass substrate 5 and the metal film 3 that are bonded
via the bonding agent 4 can be obtained.

<Main Effects of Embodiment 1>

[0049] As described above, according to the method
for manufacturing a diffraction grating in Embodiment 1,
the shape of the pattern 1b provided on the wafer 1a is
transferred to the metal film 3, and the metal fiim 3 is
used for the diffraction grating 7. Accordingly, warpage
of the silicon wafer, which is a problem in the related art,
can be prevented from being transferred, and thus the
diffraction grating 7 that has high surface precision and
can be made large in area can be provided.

[0050] On the other hand, according to the study of the
present inventors, when bonding the glass substrate 5
and the metal film 3 via the bonding agent 4, the bonding
agent 4 contracts, the metal film 3 is drawn in, and wrin-
kles are generated. In a case where the bonding step is
performed in the atmosphere, wrinkles are generated
when air bubbles are mixed, making it difficult to achieve
high surface precision.

[0051] In contrast, in Embodiment 1, the glass sub-
strate 5 is pressed while the outer periphery of the metal
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film 3 is fixed by the restraint jigs 10. Accordingly, the
generation of wrinkles due to the influence of the con-
traction of the bonding agent 4 can be prevented. Since
the bonding agent 4 is made of a material that does not
require a heat treatment, the influence of contraction of
the bonding agent 4 can be prevented.

[0052] The back surface BS2 of the metal film 3 and
the bonding surface of the glass substrate 5 that are
bonded via the bonding agent 4 are flat surfaces. Here,
when the glass substrate 5 is simply pressed against the
back surface BS2 of the metal film 3, air bubbles are
mixed and wrinkles are easily generated. Therefore, as
shown in FIG. 10, the gap 70 is provided between the
glass substrate 5 and the metal film 3 (the bonding agent
4). By pressing the glass substrate 5 against the back
surface BS2 of the metal film 3 in a vacuum atmosphere,
the back surface BS2 of the metal film 3 and the glass
substrate 5 are bonded via the bonding agent 4. Accord-
ingly, the generation of wrinkles due to air bubbles can
be prevented, and the high surface precision can be im-
plemented.

<Application Example 1 of Diffraction Grating 7>

[0053] The diffraction grating 7 manufactured in Em-
bodiment 1 can be applied as an optical element used in
a spectrometer or the like. For example, a step of forming
a reflective film made of a material having a light reflec-
tivity higher than that of the material constituting the metal
film 3 on the front surface FS2 of the metal film 3 including
the transfer area 3ais added between step S14 and step
S15in FIG. 1. Such a reflective film is, for example, an
aluminum film, and can be formed by, for example, a
vapor deposition method. Accordingly, the diffraction
grating 7 can be used as a reflective optical element.

<Application Example 2 of Diffraction Grating 7>

[0054] FIG. 12 is another application example of the
diffraction grating 7, and shows a method for manufac-
turing a replica grating performed by using the diffraction
grating 7 as a mold. That is, FIG. 12 shows a method for
manufacturing a plurality of replica gratings by using the
diffraction grating 7 as a master diffraction grating.
[0055] First, in step S31, a resin film 91 having a front
surface FS3 and a back surface BS3 and a glass sub-
strate 92 bonded to the back surface BS3 of the resin
film 91 are prepared. The resin film 91 is a thermosetting
resin such as an epoxy resin.

[0056] Instep S32,the diffraction grating 7 is prepared,
and a peripheral portion of the metal film 3 is cut in ac-
cordance with a size of the glass substrate 5.

[0057] In step S33, the resin film 91 is pressed onto
the front surface FS2 of the metal film 3 including the
transfer area 3a. Accordingly, a transfer area 91a to
which a shape of the transfer area 3a is transferred is
formed on a part of the front surface FS3 of the resin film
91. That is, the transfer area 91a has a shape in which
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concave portions and convex portions are alternately ar-
ranged, and has a sinusoidal shape, a rectangular shape,
atriangular shape, or a blazed shape. Next, the resin film
91 is cured in a state where the shape of the transfer
area 91a is maintained by performing a heat treatment
of, for example, 70 °C to 150 °C on the resin film 91.
[0058] In step S34, the resin film 91 and the glass sub-
strate 92 are removed from the metal film 3. Accordingly,
areplica grating 93 having the resin film 91 including the
transfer area 91a and the glass substrate 92 is manufac-
tured. By repeating such steps S31 to S33, a plurality of
replica gratings 93 can be easily manufactured based on
the diffraction grating 7.

[0059] As described above, in the diffraction grating 7
including the metal film 3, the warpage of the wafer 1a
is prevented from being transferred, and high surface
precisionisimplemented. Accordingly, eveninthereplica
grating 93 including the glass substrate 92 and the resin
film 91 including the transfer area 91a to which the shape
of the transfer area 3a is transferred, the warpage of the
wafer 1a is prevented from being transferred, and the
high surface precision is implemented.

[0060] When the replica grating 93 is applied as a re-
flective optical element, a reflective film is formed on the
front surface FS3 of the resin film 91 including the transfer
area 91a. Such a reflective film is, for example, an alu-
minum film, and can be formed by, for example, a vapor
deposition method.

(Embodiment 2)

[0061] A method for manufacturing a diffraction grating
in Embodiment 2 will be described below with reference
to FIG. 13. The method for manufacturing a diffraction
grating in Embodiment 2 includes steps S21 to S28
shown in FIG. 13. In the following description, differences
from Embodiment 1 will be mainly described, and over-
lapping points with Embodiment 1 will not be described.
[0062] Steps S21 to S25 are the same as steps S11
to S15 in Embodiment 1. In step S26, an outer periphery
of the metal film 3 is fixed at a position not overlapping
the transfer area 3a by using a restraint jig 80.

[0063] In step S27, the glass substrate 5 is bonded to
the metal film 3 in a bonding jig 200 to be described later.
The glass substrate 5 is provided on a front surface FS2
side of the metal film 3, and the glass substrate 6 is pro-
vided on a back surface BS2 side of the metal film 3.
Thereafter, the glass substrate 5 is pressed toward the
back surface BS2, and the metal film 3 is bonded to the
glass substrate 5 via the bonding agent 4.

[0064] Instep S28, the glass substrate 5 and the metal
film 3 that are bonded to each other are taken out from
the bonding jig 100. As described above, the diffraction
grating 7 including the glass substrate 5, the bonding
agent 4, and the metal film 3 is manufactured as the dif-
fraction grating in Embodiment 1.

[0065] The glass substrate 5 and the glass substrate
6 in Embodiment 2 are different from those in Embodi-
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ment 1 in that planar shapes thereof are circular. By using
the circular glass substrate 5 and glass substrate 6, gen-
eration of unique stress can be prevented when a load
is applied. Accordingly, in Embodiment 2, a structure in
which a load distribution on the metal film 3 is uniform
can be implemented, and high surface precision can be
implemented.

[0066] Hereinafter, each member of the bonding jig
200 and the method for manufacturing a diffraction grat-
ing in step S26 and subsequent steps will be described
in detail with reference to FIG. 14 to FIG. 22.

[0067] Asshownin FIG. 20, the bonding jig 200 in Em-
bodiment 2 includes the restraint jig 80, the base plate
20, the lower fixing plate 30, the upper fixing plate 40,
the load applying member 50, and a plurality of screws
60. Hereinafter, the structure will be described with ref-
erence to FIG. 14 to FIG. 20.

[0068] FIG. 14 shows the restraint jig 80. The restraint
jig 80 has a circular shape in plan view. The restraint jig
80 is made of, for example, copper. The restraint jig 80
has an opening 83 at a central portion thereof. The open-
ing 83 has a circular planar shape.

[0069] Step S26 described above is performed in a
state where the restraint jig 80 is installed on the back
surface BS2 of the metal film 3 around the transfer area
3a such that the transfer area 3a is located inside the
opening 83 in plan view.

[0070] As shown in FIG. 15 to FIG. 18, the base plate
20, the lower fixing plate 30, the upper fixing plate 40,
and the load applying member 50 have substantially the
same structure as that of Embodiment 1 except that the
planar shape thereofis mainly circular, and play the same
role as that of Embodiment 1. In Embodiment 2, the base
plate 20 is not provided with the guide pins 22, and the
lower fixing plate 30 and the upper fixing plate 40 are not
provided with the holes 32 and the holes 42, but these
members may be provided.

[0071] AsshowninFIG. 16, the opening 33 of the lower
fixing plate 30 has a circular planar shape. Accordingly,
the circular glass substrate 6 can be fitted into the open-
ing 33. As shown in FIG. 17, the opening 43 of the upper
fixing plate 40 has a circular planar shape. Accordingly,
the circular glass substrate 5 can be fitted into the open-
ing 43.

[0072] FIG. 19 shows a process of installing the metal
film 3 on the bonding jig 200, and FIG. 20 shows a state
where the metal film 3 is installed on the bonding jig 200.
[0073] AsshowninFIG. 19, the base plate 20, the low-
er fixing plate 30, the glass substrate 6, the metal film 3,
and the restraint jigs 80 are prepared. First, the lower
fixing plate 30 is provided on the base plate 20. Next, the
glass substrate 6 is provided inside the opening 33 of the
lower fixing plate 30. Next, the metal film 3 is installed on
the glass substrate 6, and the metal film 3 around the
transfer area 3a is provided on the lower fixing plate 30.
The bonding agent 4 is provided on the back surface BS2
of the metal film 3. Next, the restraint jig 80 is provided
on the back surface BS2 of the metal film 3 around the
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transfer area 3a.

[0074] Next, as showninFIG. 20, the upper fixing plate
40, the glass substrate 5, the load applying member 50,
and the screws 60 are prepared. The upper fixing plate
40 is installed on the restraint jig 80. Next, the glass sub-
strate 5 is installed inside the opening 43 of the upper
fixing plate 40. Next, the load applying member 50 is
installed on the glass substrate 5.

[0075] Thereafter, positions thereof are fixed by insert-
ing the screws 60 into the holes 41 of the upper fixing
plate 40, the holes 31 of the lower fixing plate 30, and
the holes 21 of the base plate 20. Accordingly, the metal
film 3 around the transfer area 3a can be fixed between
the restraint jig 80 and the lower fixing plate 30. In Em-
bodiment 2, when the upper fixing plate 40 is fixed with
the screws 60, the restraint jig 80 may be compressed
by the upper fixing plate 40. As long as the metal film 3
can be fixed, there is no particular problem even when
the restraint jig 80 is compressed.

[0076] Hereinafter, states before and after a load is
applied to the metal film 3 will be described with reference
to FIG. 21 and FIG. 22. FIG. 21 and FIG. 22 are cross-
sectional views taken along a line B-B shown in FIG. 20.
[0077] By shifting a state of "before load application"
shown in FIG. 21 to a state of "after load application”
shown in FIG. 22, a step of bonding the back surface
BS2 of the metal film 3 to the glass substrate 5 via the
bonding agent 4 is performed. This step is performed in
a vacuum atmosphere as in Embodiment 1.

[0078] First, in FIG. 21, the metal film 3 is installed on
the glass substrate 6 such that the front surface FS2 of
the metal film 3 faces the glass substrate 6. The bonding
agent 4 is provided on the back surface BS2 of the metal
film 3. The glass substrate 5 is provided at a position
physically separated from the back surface of the metal
film 3. That is, the gap 70 is formed between the glass
substrate 5 and the metal film 3 (the bonding agent 4).
In Embodiment 2, an installation surface of the glass sub-
strate 6 on which the metal film 3 is installed and a bond-
ing surface of the glass substrate 5 bonded to the metal
film 3 via the bonding agent 4 are flat surfaces.

[0079] From such a state, by pressing the glass sub-
strate 5 toward the back surface BS2 of the metal film 3
by the load applying member 50, a state as shown in
FIG. 22 is obtained. The "after load application" corre-
sponds to step S27 in FIG. 13. Thereafter, by dismantling
the bonding jig 200, the diffraction grating 7 including the
glass substrate 5 and the metal film 3 that are bonded
via the bonding agent 4 can be obtained.

[0080] In this way, according to Embodiment 2, sub-
stantially the same effect as that of Embodiment 1 can
be obtained. The diffraction grating 7 manufactured in
Embodiment 2 can also be applied as an optical element
used in a spectrometer or the like as in Embodiment 1,
and can be applied to manufacture of a plurality of replica
gratings as a master diffraction grating as shown in FIG.
12.

[0081] Although the present invention has been spe-
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cifically described based on the above-described embod-
iments, the present invention is not limited to the above-
described embodiments, and various modifications can
be made without departing from the gist of the present
invention.

Reference Signs List

[0082]

1: silicon diffraction grating

1a: wafer

1b: pattern

2: seed film

3: metal film

3a: transfer area

4: bonding agent

5, 6: glass substrate

7: diffraction grating (glass diffraction grating)
10: restraint jig

11: hole for fixing

12: hole for aligning

13: opening

14: hole

20: base plate

21: hole for fixing

22: guide pin

30: lower fixing plate for glass substrate
31: hole for fixing

32: hole for aligning

33: opening

40: upper fixing plate for glass substrate
41: hole for fixing

42: hole for aligning

43: opening

50: load applying member

60: screw

70: gap

80: restraint jig

83: opening

91: resin film

91a: transfer area

92: glass substrate

93: replica grating

100, 200: bonding jig

FS1: front surface of wafer
FS2: front surface of metal film
FS3: front surface of resin film
BS1: back surface of wafer
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a step (a) of preparing a wafer having, on a front
surface thereof, a pattern having a shape in
which concave portions and convex portions are
alternately arranged;

a step (b) of, after the step (a), forming a metal
film on the front surface of the wafer and forming,
on a part of a front surface of the metal film, a
first transfer area to which the shape of the pat-
tern is transferred;

a step (c) of, after the step (b), removing the
metal film from the wafer; and

a step (d) of, after the step (c), bonding a back
surface of the metal film to a first glass substrate
via a bonding agent.

2. The method for manufacturing a diffraction grating
according to claim 1, further comprising:

20

25

a step (e) of preparing a first restraint jig having
a first opening in a central portion thereof and a
second restraint jig having a second opening in
a central portion thereof, wherein

the step (d) is performed in a state where the
metal film around the first transfer area is sand-
wiched between the firstrestraintjig and the sec-
ond restraint jig such that the first transfer area
is located inside each of the first opening and
the second opening in plan view.

30 3. The method for manufacturing a diffraction grating
according to claim 2, further comprising:

35

40

a step (f) of preparing a load applying member
for applying a load to the first glass substrate,
wherein

the step (d) is performed by pressing the first
glass substrate toward the back surface of the
metal film by the load applying member from a
state where the bonding agent is provided on
the back surface of the metal film and the first
glass substrate is provided at a position physi-
cally separated from the back surface of the met-
al film.

45 4. The method for manufacturing a diffraction grating
according to claim 2, wherein

BS2: back surface of metal film 50
BS3: back surface of resin film
Claims
55
1. A method for manufacturing a diffraction grating, the

method comprising:

the first opening and the second opening each
have a polygonal planar shape,

each corner of the first opening and each corner
of the second opening are provided with a hole
integrated with the first opening and a hole inte-
grated with the second opening, respectively,
the metal film has a polygonal planar shape, and
in the step (d), each corner of the metal film is
located inside the hole of each of the first open-
ing and the second opening in plan view.
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The method for manufacturing a diffraction grating
according to claim 1, further comprising:

a step (g) of preparing a third restraint jig having
a circular shape in plan view and having a third
opening that is circular in plan view in a central
portion thereof, wherein

the step (d) is performed in a state where the
third restraint jig is installed on the back surface
of the metal film around the first transfer area
such that the first transfer area is located inside
the third opening in plan view.

The method for manufacturing a diffraction grating
according to claim 5, further comprising:

a step (h) of preparing a first fixing plate having
a fourth opening that is circular in plan view in a
central portion thereof, a second glass substrate
that is circular in plan view, and a load applying
member for applying a load to the first glass sub-
strate, wherein

the second glass substrate is provided inside
the fourth opening,

the metal film around the first transfer area is
fixed between the third restraint jig and the first
fixing plate, and

the step (d) is performed by pressing the first
glass substrate toward the back surface of the
metal film by the load applying member from a
state where the metal film is installed on the sec-
ond glass substrate such that the front surface
of the metal film faces the second glass sub-
strate, the bonding agentis provided on the back
surface of the metal film, and the first glass sub-
strate is provided at a position physically sepa-
rated from the back surface of the metal film.

The method for manufacturing a diffraction grating
according to claim 1, wherein

the step (d) is performed in a vacuum atmos-
phere, and

the back surface of the metal film and a bonding
surface of the first glass substrate that are bond-
ed via the bonding agent are flat surfaces.

The method for manufacturing a diffraction grating
according to claim 1, wherein

in the step (b), the metal film is formed on the front
surface of the wafer by a plating method so as to fill
the concave portions of the pattern and cover the
convex portions of the pattern.

The method for manufacturing a diffraction grating
according to claim 1, wherein

the bonding agent is made of a material capable of
bonding the metal film and the first glass substrate
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without requiring a heat treatment.

10. The method for manufacturing a diffraction grating

1.

according to claim 1, wherein
the pattern has a sinusoidal shape, a rectangular
shape, a triangular shape, or a blazed shape.

The method for manufacturing a diffraction grating
according to claim 1, further comprising:

a step (h) of forming a first reflective film on the front
surface of the metal film including the first transfer
area between the step (b) and the step (c), the first
reflective film being made of a material having a light
reflectivity higher than that of a material constituting
the metal film.

12. A method for manufacturing a replica grating by us-

ing, as a mold, a diffraction grating manufactured by
the method for manufacturing a diffraction grating
according to claim 1 and including the first glass sub-
strate and the metal film that are bonded via the
bonding agent, the method comprising:

a step (i) of preparing a resin film and a third
glass substrate bonded to a back surface of the
resin film;

a step (j) of, after the step (i), pressing the resin
film onto a front surface of the metal film includ-
ing the first transfer area to form, on a part of a
front surface of the resin film, a second transfer
area to which a shape of the first transfer area
is transferred; and

a step (k) of removing the resin film and the third
glass substrate from the metal film after the step

()-
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[FIG. 2]
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[FIG. 5]

[FIG. 6]
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[FIG. 10]
A-A CROSS SECTION
(BEFORE LOAD APPLICATION)
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[FIG. 12]
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[FIG.
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[FIG. 16]

[FIG. 17]
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[FIG.

B-B CROSS SECTION
(BEFORE LOAD APPLICATION)
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